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ARS TRAC T 

Sonic boom effects will be a factor in the choice 
of a launch and recovery site for the Space Shuttle. The 
maximum boom intensity associated with Shuttle operations 
is likely to be somewhat greater than is anticipated for 
supersonic transport operations. However, the relative in- 
frequency of shuttle fliqhts and the limited land areas to 
be overflown should render the boom effects tolerable. 
consolidated launch and recovery operations center locations 
are considered - Edwards AFR, Calif., Holloman AFB, W . M . ,  
and Cape Kennedy, F l a .  
sites from the viewpoint of minimizing the population exposed 
to sonic boom depends upon the launch and recovery azimuths 
to be flown. 
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MEMORANDUM FOR F I L E  

Son ic  booms w i l l  be i n h e r e n t  i n  Space S h u t t l e  ope ra -  
t i o n s .  The i n t e n s i t i e s  o f  t h e  booms c a n n o t  be p r e d i c t e d  a t  
t h i s  t i m e ,  b u t  t h e  peak  a m p l i t u d e s  f o r  b o t h  Roos te r  and  O r b i t e r  
w i l l  p r o b a b l y  exceed t h e  a p p r o x i m a t e l y  2 . 0  pounds p e r  s q u a r e  
f o o t  ( p s f )  a v e r a g e  i n c r e m e n t a l  p r e s s u r e  estimated t o  o c c u r  
d i r e c t l y  u n d e r n e a t h  t h e  f l i g h t  p a t h  o f  a s u p e r s o n i c  t r a n s p o r t  
(SST)  i n  level c r u i s e  a t  7 0 , 0 0 0  f t .  (Ref .  1 ) .  The geometry 

o f  t h e  shock waves a s s o c i a t e d  w i t h  s o n i c  boom i s  i l l u s t r a t e d  
i n  F i g .  1. 

Some o f  t h e  f a c t o r s  a f f e c t i n g  t h e  magni tude  o f  t h e  
s o n i c  boom are:  (Ref s .  2 & 3 )  

Mach number - R o o m  i n t e n s i t y  i n c r e a s e s  s l o w l y  w i t h  
Mach number ( M ) ,  which i s  t h e  r a t i o  of v e h i c l e  
v e l o c i t y  t o  t h e  l o c a l  speed  o f  sound:  t h e  
i n c r e a s e  i s  p r o p o r t i o n a l  t o  

( ~ ~ - 1 )  . 
i n t e n s e  t h a n  a t  Mach 2 .  

1 
8 
- 

~ h u s ,  a t  iviach io t h e  boom w i i i  b e  5 5 %  more 

A l t i t u d e  - The boom i n t e n s i t y  d e c r e a s e s  w i t h  i n c r e a s i n g  
a l t i t u d e ,  t h e o r e t i c a l l y  w i t h  t h e  t h r e e - q u a r t e r s  
power of  t h e  a l t i t u d e .  However, t h e  w i d t h  of t h e  
boom c o r r i d o r  on t h e  ground i n c r e a s e s  w i t h  a l t i t u d e .  

V e h i c l e  C o n f i g u r a t i o n  - Aerodynamica l ly  s t r e a m l i n e d  
v e h i c l e s  create  a less i n t e n s e  s o n i c  boom. The r a t i o  
o f  v e h i c l e  l e n g t h  t o  body d i a m e t e r  i s  t h e  key f a c t o r .  
Fo r  a n  SST t h i s  v a l u e  i s  a b o u t  2 0 ,  f o r  t h e  Booster 
and O r b i t e r  a h o u t  6 t o  8 .  

Angle-of-Attack - A h i g h  a n g l e - o f - a t t a c k ,  s i n c e  it p r e s e n t s  
a l a r g e r  c r o s s - s e c t i o n  area t o  t h e  a tmosphe re ,  
w i l l  g e n e r a t e  a more i n t e n s e  boom. 

Re la t ive  t o  a n  SST, o n l y  t h e  a l t i t u d e  f a c t o r  w i l l  t e n d  t o  r e d u c e  
t h e  S h u t t l e  boom, t h e  o t h e r s  w i l l  t e n d  t o  i n c r e a s e  it. 

The v a l u e  o f  sudden p r e s s u r e  d i f f e r e n t i a l  ("boom") 
t h a t  b e g i n s  t o  be o b j e c t i o n a b l e  t o  p e o p l e  on  t h e  ground depends  
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upon many s u b j e c t i v e  v a r i a b l e s ,  b u t  g e n e r a l l y  h a s  been shown 
t o  b e  a b o u t  1 . 0  p s f .  Minor s t r u c t u r a l  damage ( s u c h  as  broken  un- 
r e i n f o r c e d  g l a s s ,  f a l l i n g  of  l o o s e  p l a s t e r ,  e t c . )  h e q i n s  t o  o c c u r  
a t  a round  2 . 0  p s f .  Major damage t o  r e a s o n a b l y  w e l l - b u i l t  s t r u c -  
t u r e s  d o e s  n o t  a p p e a r  t o  become s i g n i f i c a n t  u n t i l  a t  l e a s t  1 0  p s f .  
(Ref .  1 ) .  

Although t h e  boom i n t e n s i t y  from b o t h  S h u t t l e  s t a g e s  
may peak a t  o v e r  2 . 0  p s f ,  t h e r e  a re  some m i t i g a t i n g  f a c t o r s :  

. The shock wave enve lope  of t h e  s o n i c  boom ( F i g .  1) i s  
c o n i c a l l y - s h a p e d  w i t h  a v e r t e x  h a l f - a n g l e  

9 = sin- '  (k) , and i s  c e n t e r e d  on t h e  v e l o c i t y  v e c t o r .  

A s  l o n g  a s  t h e  f l i g h t  p a t h  a n g l e  y d u r i n g  d e s c e n t  i s  
g r e a t e r  t h a n  8, t h e  shock wave cone  w i l l  n o t  i n t e r s e c t  
t h e  g round ,  and n o  boom w i l l  be  h e a r d .  T h i s  w i l l  
g e n e r a l l y  be t h e  case when t h e  S h u t t l e  v e h i c l e s  o p e r a t e  
a t  h i g h  a n g l e - o f - a t t a c k .  
d e s c e n t  a n g l e  o f  12" o r  g r e a t e r  w i l l  p roduce  a shock  
wave cone  t h a t  w i l l  n o t  i n t e r sec t  t h e  g r o u n d ) .  

(For example,  above  Mach 5 a 

. The peak p r e s s u r e  w i l l  o c c u r  d i r e c t l y  unde r  t h e  f l i g h t  
p a t h .  The boom i n t e n s i t y  w i l l  f a l l  o f f  a t  r i g h t  
a n g l e s  t o  t h e  f l i g h t  p a t h .  No boom w i l l  be  h e a r d  o u t -  
s i d e  t h e  cone .  

Ir! co r ! t ras t  to SST q E r a t i e n s ,  S h u t t l e  flights w i l l  
b e  i n f r e a u e n t  and t h e  l e n g t h  o f  s o n i c  boom p a t h  p e r  
f l i g h t  w i l l  pLobdbiy be shorter. 

The r e l a t i v e  d e s i r a b i l i t y  from a s o n i c  boom v i e w p o i n t  
of t h r e e  c a n d i d a t e  S h u t t l e  o p e r a t i o n s  s i t e s  a p p e a r s  as  f o l l o w s :  

Edwards A F B ,  C a l i f o r n i a .  Launches t o  t h e  n o r t h e a s t  
would o v e r f l y  d e s o l a t e ,  s p a r s e l y  p o p u l a t e d  areas.  Launches t o  
t h e  s o u t h e a s t  f o r  i n c l i n a t i o n s  up  t o  55" ( t h e  Space S t a t i o n  
i n c l i n a t i o n )  would a l s o  o v e r f l y  s p a r s e l y  p o p u l a t e d  areas. Most 
of  t h e  r e e n t r y  ground t r a c k s  would f a l l  o v e r  t h e  P a c i f i c .  R e -  
e n t r i e s  from 55" i n c l i n a t i o n  o r b i t s  would p a s s  n e a r  e i t h e r  t h e  
San F r a n c i s c o  area (abou t  300  nm away) o r  t h e  L o s  Angeles  area 
( a b o u t  7 0  nm away) .  

Holloman. Launches t o  b o t h  t h e  n o r t h e a s t  and  t h e  
s o u t h e a s t  would n o t  o v e r f l y  major  p o p u l a t i o n  a r e a s .  R e t u r n s  
from o r b i t  t o  t h e  n o r t h e a s t  cou ld  p a s s  o v e r  o r  n e a r  E l  Paso 
( a b o u t  70  nm) .  
area o f  t h e  w e s t e r n  U .  F., a l t h o u q h  t h e  55' i n c l i n a t i o n  t r a c k  
f a l l s  a l m o s t  e n t i r e l y  o v e r  s p a r s e l y  p o p u l a t e d  r e g i o n s .  

R e t u r n s  t o  t h e  s o u t h e a s t  would o v e r f l y  a l a r g e  
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Cape Kennedy. Launches t o  b o t h  t h e  n o r t h e a s t  and 
s o u t h e a s t  would h e  o v e r  t h e  A t l a n t i c .  R e t u r n s  t o  t h e  n o r t h -  
ea s t  would o v e r f l y  a s m a l l  s t r e t c h  o f  Mexico, t h e  Gulf  o f  Mex- 
i c o ,  and r e l a t i v e l y  i n h a b i t e d  r e g i o n s  o f  F l o r i d a .  R e t u r n s  t o  
t h e  s o u t h e a s t  would o v e r f l y  a l o n g  s t r e t c h  of t h e  U .  S .  from 
n o r t h w e s t  t o  s o u t h e a s t ,  i n c l u d i n g  s e v e r a l  p o p u l a t i o n  c e n t e r s ,  
and would be u n d e s i r a b l e .  

From t h e  v i e w p o i n t  of a v o i d i n g  s o n i c  booms o v e r  
p o p u l a t e d  areas, t h e r e  a p p e a r s  no c l e a r - c u t  c h o i c e  among t h e  
t h r e e  c a n d i d a t e  s i tes .  Each l o c a t i o n  h a s  s p e c i f i c  a d v a n t a g e s  
and d i s a d v a n t a g e s .  I n  g e n e r a l ,  t h e  r e l a t i v e l y  low m i s s i o n  
f r e q u e n c y  s h o u l d  n o t  make s o n i c  booms a s i g n i f i c a n t  problem 
f o r  t h e  S h u t t l e .  

2034-JEJ-ms 

At tachment  
F i g .  1 
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